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(57) Abstract 

A dehydrating hydrocyclone having a cylindrical inlet portion (8) the length (li) of which is at least twice its diameter (di). The 
cylindrical portion leads into the tapered portion (9) the length (h) of which is at least twice the length (h) of the cylindrical portion. 
The tapered portion leads into a second cylindrical portion the length (b) of which is at least twice the length (h) of the first cylindrical 
portion. The cyclone may be used in a pressure vessel (1 1) in which any oil which flows through the underflow outlet of the hydrocyclone 
is allowed to settle under gravity within an underflow chamber (14) of the pressure vessel for removal separately from the water. 
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The present invention relates to a hydrooyclone 
eparator £ or separating a liguid nixture into 
component ana a .ore dense component. The invention L 

in w hl ch on x. th . continuous phase and 

..tzl p t ■ sucn a *~» m £ r 

as a dehydrating hydrooyclone. 

in known dehydrating hydrocyclones , such as thos r 
disclosed in E P- A - 259104 and EP . A . 368S49 , ^ 

e? "rrr^ ahich ' - th « - " 
£ o«d a £ : :r s rrr lauy cyiindri=ai 

less ,t~ , P y taperi "9 P°"ion and a second 

.ess steeply tapering portion. The length o£ 

l; r 1 POrti0 " iS Sh °"' " Ch " the "ow through th 
hydrooyclone guiCcly encounters the steeply taperil 
portion and is acoeierated. "perrng 

The dehydrating hydrocyclones operate effectively in 
« ~ch as, for , given lnlet oil concentra ^ 

having a desired oil concentration can be obtained at the 
overflow outlet. However thi= • ., °°tained at the 

the und-v,, «°»«ver, this is done at the expense of 

ge p 0 T let ""^ " PreSe " tS " -desirably 

large proportion of the total flow, has a high oil 

concentration, and is stiu an oU continuous street 

there TorovV: ' ° f ™<*™ 

there is provided a hydrooyclone separator for separatino 
- Uguid >tore int0 , less dense and a 

e exponent; the hydrooyclone having a wall defining a 

surface ' ™ «* ««. of a 

the ch 1 r0tatlC " , ' " Uq0id at one end of 

the chafer and which is arranged to cause the liouL 

iwirj. about and proaress a inn n «-k 
outlet at th 0 „ I 9 hS aX1S ' an ov erflow 

un de :;i a 0 : :; t ;; r r h ; th ; h iess dense coroponent ' and - 

co M on.„t the ^ ^ ^ dens * 

-onent, the separation chamber comprising a 
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substantially cylindrical portion extending axially from 
the one end towards the other end, and a tapered portion 
extending axially from the first substantially cylindrical 
portion towards the other end, wherein the length of the 
5 first cylindrical portion is at least twice its diameter. 

Providing such a long cylindrical portion was 
previously believed to be undesirable as it leads to a 
deceleration of the flow. However, it has now been found 
that, contrary to expectations, such an arrangement 
10 actually improves the separation efficiency. The length of 
rhe cylindrical portion is preferably at least three times 
its diameter. 

As the invention provides a more efficient separation, 
the same overflow oil concentration can be achieved at a 

15 lower underflow rate, so that the underflow stream 
represents a smaller proportion of the total flow and has 
a smaller concentration of oil, which can be made 
sufficiently small that the underflow stream is water 
continuous. This has advantages for subseguent separation 

20 of the underflow stream. 

It is preferred that, within reason, the cylindrical 
portion should be as long as possible, and preferably the 
length of the first cylindrical portion should be at least 
n times the diameter of the first cylindrical portion, 

2 5 where n is any one of the integers from 3 to 20. 

Preferably, the diameter of the first cylindrical 
portion is between 2.5 and 5 times the overflow outlet 
diameter, and is more preferably substantially 4 times the 
overflow outlet diameter. 
30 Preferably, the length of the tapered portion is at 

least twice the length of the first substantially 
cylindrical portion. 

Preferably, the included angle of the tapered portion 
is between 4° and 8°, and is more preferably substantially 

3 5 5°. 

In addition, separation can be improved if the 
separation chamber further comprises a second substantially 
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cylindrical portion extending from the tapered portion to 
the other end. The length of the second substantially 
cylindrical portion is preferably at least m times the 
diameter of the first cylindrical portion wherein m is any 
one of the integers from 2 to 20. 

In order to improve the capacity of the hydrocyclone 
for a given size, the end wall at the one end is preferably 
inclined so that as the mixture from the inlet swirls about 
the axis of the chamber, the end wall imparts to the 
mixture an axial component of momentum in a direction 
towards the other end. Preferably, the end vail is 
substantially in the form of a helix which gradually 
extends axially towards the other end as the 
circumferential distance away from the inlet, or a 
respective inlet where more than one inlet is used, in the 
direction of swirl of the mixture increases and terminates 
in a step adjacent to the inlet, or the next inlet in the 
direction of swirl of the mixture where more than one inlet 
is used. This arrangement is the subject of co-pending 
20 British application GB 9516381.2. 

In order to improve the quality of the overflow outlet 
stream, a core finder is preferably provided at the 
overflow outlet. This takes the form of a short tube 
extending axially from the overflow outlet into the 
separation chamber by a distance at least axially beyond 
the liquid mixture inlet, but not more than twice the axial 
length of the liquid mixture inlet. 

The hydrocyclone separator in accordance with the 
invention has a particular application in a method of 
separating an oil/water mixture in which oil is the 
continuous phase, and water is the dispersed phase. The 
water content may be up to 20% by volume. m such a 
method, the mixture is introduced into the hydrocvclone 
inlet, and is separated into an oil enriched stream at the 
overflow outlet, and an oil depleted stream at the 
underflow outlet. Preferably, the oil depleted stream at 
the underflow outlet is water continuous. 
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According to a second aspect of the present inventi 
there is provided an oil/water separation apparatus 
comprising a pressure vessel which is divided into an inlet 
chamber, an overflow outlet chamber and an underflow outlet 
5 chamber, the inlet chamber being provided with an inlet for 
an oil/water mixture, and at least one hydrocylcone, 
capable of separating a mixture of liquids into a more 
dense and a less dense component, with an inlet open to the 
inlet chamber, an overflow outlet for the less dense 
10 component and discharging into the overflow chamber, and an 
underflow outlet for the more dense component and 
discharging into the underflow chamber, the overflow 
chamber being provided with an oil outlet, and the 
underflow outlet chamber being provided with a water outlet 
and an oil outlet elevationally above the water outlet. 

This apparatus provides what amounts to a two phase 
gravity separator for the liquid discharged from the 
underflow of the hydrocyclone (s) . The apparatus is 
particularly useful when the or each hydrocyclone is a 
dehydrating hydrocyclone, as although the overflow stream 
is relatively pure oil, the underflow stream still contains 
a high proportion of oil. The apparatus is particularly 
successful when the or each hydrocyclone is a hydrocyclone 
separator according to the first aspect of the present 
invention, as the underflow from such hydrocyclone is 
coalesced and separates rapidly in the underflow chamber. 

In order to promote phase separation in the underflow 
chamber, a baffle system is preferably provided in the 
upper part of the underflow chamber. 

An example of a hydrocyclone separator constructed in 
accordance with the present invention will now be described 
with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic axial section of the 
hydrocyclone according to a first aspect of the present 
3 5 invention; 

Fig. 2 is an enlarged section taken along line II-II 
in Fig. i; 
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Fig. 3 is a section taken along line III-III in Fig. 

2 ; and 

Fig. 4 is a schematic drawing of the apparatus 
according to a second aspect of the present invention. 
5 The hydrocyclone separator has a wall 1 defining a 

separation chamber 2. At one end of the separation chamber 
2 are a pair of inlets 3 disposed symmetrically about the 
axis 4 of the hydrocyclone. As can be seen in Fig. 2 the 
inlets 3 are tangential to a circle centred on the axis 4, 

10 so that the liquid mixture entering the hydrocyclone is 
caused to swirl about the axis 4. The inlets, when viewed 
in the axial direction, converge towards the separation 
chamber at an angle of substantially 15° as shown in 
Fig. 2. The wall of the hydrocyclone adjacent to the inlet 

15 end is provided with two ramped surfaces 5 which are 
configured so that the liquid mixture entering the 
hydrocyclone is given an axial component of momentum by the 
surfaces 5 as it swirls about the axis 4. 

An overflow outlet 6, having a diameter d 0 , is 

20 provided at the same end as the inlets 3, and an underflow 
outlet 7 is provided at the opposite end of the separation 
chamber 2 . 

The separation chamber is generally made up of three 
separate portions. The first portion is a cylindrical 

25 portion 8 of length 1 1 and diameter d 1 which extends from 
the inlet end towards the opposite end. The cylindrical 
portion 8 extends without a discontinuity into a tapered 
portion 9 of length 1 2 and having an included taper angle 
of 8. The tapered portion 8, in turn, extends without a 

30 discontinuity into a second cylindrical portion 10 of 
length l 3 and diameter d 3 . Typical values for these 
parameters are as follows: 

1 1 = 152mm 
d } = 4 0mm 

3 5 d Q = 10mm 

1 2 = 32 5mm 
6=6° 
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1 3 = 250mm 
d 3 = 6mm. 

The separation apparatus shown in Fig. 4 comprises a 
pressure vessel 11 divided into an inlet chamber 12, an 
5 overflow chamber 13, and an underflow chamber 14 by a pair 
of plates 15. The inlet chamber 12 has a liquid mixture 
inlet 16 and a plurality of hydrocyclones 17, which are 
preferably in accordance with the first aspect of the 
present invention. The hydrocyclones 17 are held in place 

10 between the two plates 15 so that each hydrocyclone has its 
inlet open to the inlet chamber 12, its overflow outlet 
open to the overflow chamber 13, and its underflow outlet 
open to the underflow chamber 14. 

An oil outlet 13 leads from the overflow chamber 13, 

15 and an optional pump 19 is provided to remove the oil. A 
second oil outlet 20 leads from the upper part of the 
underflow chamber 14 and is combined with the flow from the 
oil outlet 18. The flow of oil from the underflow chamber 
14 is controlled, for example, by a differential pressure 

20 controller 21 in order to maintain the overall hydrocyclone 
split ratio at the desired level. 

The water which settles at the bottom of the underflow 
chamber 14 is removed via a water outlet 22. The water 
flow is controlled, for example, by a valve 23 which 

25 responds to signals from an interface level control 24 to 
maintain the level of the oil/water interface in the 
underflow chamber 14 at a desired level. 

A system of internal baffles 25 can be provided in the 
upper part of the underflow chamber 14 to promote phase 

30 separation. 
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CLAIMS 

1. A dehydrating hydrocyclone separator for separating an 
oil/water mixture into a less dense oil enriched phase and 

5 a more dense oil depleted phase; the hydrocyclone having a 
wall (1) defining an axially elongate separation chamber 
(2) in the form of a surface of rotation, a liquid mixture 
inlet (3) at one end of the chamber and which is arranged 
to cause the liquid mixture entering the separating chamber 

10 through the inlet to swirl about and progress along the 
axis (4), an overflow outlet (6) at the one end for the 
less dense component, and an underflow outlet (7) at the 
other end for the more dense component, the separation 
chamber comprising an elongate first substantially 

15 cylindrical portion (8) extending axially from the one end 
towards the other end, and a tapered portion extending 
axially from the first substantially cylindrical portion 
(9) towards the other end, wherein the length (1^ of the 
first cylindrical portion is at least twice its diameter 

20 (d,). 

2. A separator according to claim 1, wherein the length 
(1,) of the cylindrical portion (8) is at least three times 
its diameter (d,) . 

25 

3. A separator according to claim 1, wherein the diameter 
(d,) of the first cylindrical portion (8) is between 2.5 
and 5 times the overflow outlet diameter (d 0 ) . 

30 4. A separator according to claim 1, wherein the length 
(1 2 ) of the tapered portion (9) is at least twice the 
length (1,) of the first substantially cylindrical portion 
(8) . 

35 5. A separator according to claim 1, wherein the included 
angle (3) of the tapered portion is between 4° and 8°. 
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6. A separator according to claim 1, wherein the 
separation chamber (2) further comprises a second 
substantially cylindrical portion (10) extending from the 
tapered portion (9) to the other end. 

5 

7. A separator according to claim 1, wherein the face of 
the end wall (5) at the one end is configured that as the 
mixture from the inlet swirls about the axis (4) of the 
chamber, the end wall imparts to the mixture an axial 

10 component of momentum in a direction towards the other end* 

8. A separator according to claim 1, wherein a core 
finder is provided at the overflow outlet (6) comprising 
a short tube extending axially from the overflow outlet 

15 into the separation chamber by a distance at least axially 
beyond the liquid mixture inlet (6), but not more than 
twice the axial length of the liquid mixture inlet - 

9. An oil/water separation apparatus comprising a 
20 pressure vessel (11) which is divided into an inlet chamber 

(12), an overflow outlet chamber (13) and an underflow 
outlet chamber (14), the inlet chamber being provided with 
an inlet (16) for an oil/water mixture, and at least one 
hydrocylcone (17) , capable of separating a mixture of 

25 liquids into a more dense and a less dense component, with 
an inlet open to the inlet chamber, an overflow outlet for 
the less dense component and discharging into the overflow 
chamber, and an underflow outlet for the more dense 
component and discharging into the underflow chamber, the 

30 overflow chamber being provided with an oil outlet (18), 
and the underflow outlet chamber being provided with a 
water outlet (22) and an oil outlet (20) elevationally 
above the water outlet. 

35 
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10. An apparatus according to claim 9, wherein a baffle 
system (25) is provided in the upper part of the underflow 
chamber (14) . 
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